Laryngeal surgery is reemerging as a key surgical subspecialty similar to its stature in the 1800s because of the increasing importance of the human voice in communication-based societies. Laryngeal and voice problems are universal throughout the world irrespective of age, gender or social stratification and benign vocal edge lesions are the most common problem. In turn, phonomicrosurgery is enjoying tremendous growth and development due to unique collaborations between surgeons, scientists and engineers along with patient expectations. These successes have led to enthusiasm for future developments similar to the nascent era of Laryngology in the 19th century. Outstanding advancements have been achieved during the last 10 years and this progress should expand dramatically as biomaterials to replace the superficial lamina propria are developed.
Background and Introduction
The term Phonomicrosurgery was introduced by the author in 19941' 2) as a refinement of the 1960s term, phonosurgery (von Leden: personal, communication) to differentiate these endoscopic vocal-fold procedures from laryngeal framework surgery3-5) Phonomicrosurgery requires maximally preserving the vocal fold's layered microstructure; epithelium and laminae propria. Phonomicrosurgery is performed under general anesthesia and is generally done to improve the vibratory characteristics of the layered microstructure of the vocal fold. Every substantive innovation in phonomicrosurgery has improved precision. Shortly after the microscope was introduced to Laryngology, Jako6) and Kleinsasser7) designed hand instruments that were suitable for the magnified field. Subsequently, Jako8' 9), Strone), and Vaughanil) introduced the carbon dioxide (CO2 ) laser as a surgical instrument for excision of neoplastic soft tissue. Recently, new fiber-based angiolytic (i.e. 532nm pulsed-KTP Laser) lasers12-16) have become instruments of choice for the treatment of benign glottal lesions because of their ability to maximally preserve the delicate mucosal layered microstructure. Optimal laryngeal sound production requires apposition of the vocal fold edges, which are driven into entrained oscillation by the sustained subglottal aerodynamic pressure from the tracheo-bronchial tree. Lesions along the rima glottidis impair entrained oscillation by creating stiffness in the diseased vocal fold and by preventing smooth vocal-edge closure.
These factors result in an aerodynamically inefficient, glottal valve. Phonomicrosurgical procedures are designed to improve aerodynamic efficiency and vocal quality by creating a smooth vocal-fold edge that is not excavated with epithelium that is pliable17). Given the choice of sacrificing or disturbing normal superficial lamina propria [SLP] or normal epithelium, it is wiser to preserve normal SLP. In our experience, there is little difficulty in the growth and regeneration of normal epithelium as is seen after a cordectomy that is left to heal secondarily. We have further noted that normal SLP does not typically regenerate if it has been removed. Our postoperative stroboscopic findings further reveal that if extensive dissection in normal SLP is performed to raise a wide microflap, mucosal stiffness will be noted in the field of dissection. Contrary to common derlying it, and reflects the viscoelastic properties, rheology, and vibration characteristics of the subepithelial soft tissues.
Preoperative discussion
The majority of endoscopic surgery in the glottis is done to treat benign processes. The most frequent presenting symptom for glottal disease is hoarseness. Benign lesions typically occur in vocal over-doers and seldom occur in individuals, who are reticent and shy. Many of these individuals will require preoperative and postoperative vocal therapy to unload habits that either predisposed to the original lesion and/or to remove compensatory strategies that developed as a result of the lesion (s) . Since the timing and decision about surgery is frequently linked to the response to vocal therapy, the surgeon must know the speech language pathologist well in order to accurately assess the adequacy of therapy. The patient must always be warned that it is possible for the voice to be worse subsequent to the surgery and the Laryngologist must have an accurate assessment of his/her surgical skills. Furthermore, it is very common for patients to have more pathology than can be appreciated even by stroboscopy. Examination in the operating room provides significantly greater magnification as well as the potential for use of telescopes to examine surfaces that are tangential and/or obscured in the clinic exam. Therefore, consent must be obtained to remove potential pathology, which may not be appreciated during the office examination including both folds. All patients should be prepared for the possibility of vocal deterioration after a phonomicrosurgical procedure. After vocal-fold surgery that requires dissection in phonatory mucosa, complete voice rest is often advised for a minimum of 10 days after the surgery and modified voice use for 2 weeks. Atrophy or significant rest-induced hypo/hyper-function has not been observed. It is not unusual for patients to have temporary tongue numbness and/or dysgeusia in the region of the laryngoscope placement. We have not seen this as a permanent problem in over 5,000 cases. 
Position of the patient for phonomicrosurgery
The supine sniffing (Jackson) position19) is comprised of extension of the head in relation to the cervical spine and flexion of the neck in relation to the chest and provides optimal exposure of the vocal folds for phonomicrosurgery1' 20-24) A true suspension gallows (Endocraft LLC) provides for true elevated-vector suspension20' 24) External counterpressure is applied with one-inch silk tape and gauze" or a laryngeal cushion. The angle of the tape alters the vector force of the counter-pressure and should be individualized for optimal exposure of the anterior glottis.
The flexion-flexion21' 22) head and neck position provides excellent exposure of the vocal folds for a difficult intubation, however, the laryngoscope is placed vertically, perpendicular to the operating table. This position is unsuitable for microlaryngoscopy since it would require that the surgeon be situated above the patient. It must be clearly understood that torsionfulcrum laryngoscope holders utilize the laryngoscope tube as a lever and the maxilla as a fulcrum to expose the anterior glottis. It is analogous to an oar in a rowboat where the oar is the laryngoscope examining spatula/tube and the oarlock is the maxilla. Irrespective of a cushion being placed under the head and/or shoulder, which visually simulate the sniffing position, the forces are disposed incorrectly to the maxilla rather than the mandible, tongue, and anterior pharyngeal tissues.
The laryngoscope and true suspension
Laryngoscope is a generic term for an instrument that provides endoscopic exposure of the larynx and it is sensible to specify laryngoscopes by the anatomic site that they are best suited to expose. Although the terms subglottiscope and supraglottiscope have been utilized, until recently, glottiscope25' 26) had not been employed since 182927) .
A glottiscope should be appropriately shaped to the conformation of the glottal introitus without distortion of the anatomy. This is comprised of an isosceles triangle and not a circle or an oval. In recent years, a patent26) has been obtained for a universal modular (UM) glottiscope system [ Fig. 1 
Magnification
An operating microscope fitted with a 400 millimeter front lens is used to examine the glottal surgical field at various magnifications.
The first published report of the use of the surgical microscope during laryngoscopy was by Scalco, Shipman, and Tabb29) in 1960; they employed the Lynch spatula suspension laryngoscope for the task. Jako (in the United States) and Kleinsasser (in Europe) perfected surgical microlaryngoscopy8) . The surgical microscope was a Precise phonomicrosurgery should typically be done at the highest magnification possible magnification when delicate precise tissue dissection is necessary.
The surgeon must be aware that the dial on the microscope does not necessarily reflect the magnification because of the 400 mm front lens. The highest magnification in most laryngeal surgical microscope systems is 10x -13x. Selected larger lesions (i.e. larger cancers) can be resected at lower magnification to maintain general orientation. Although a video system is an excellent tool for documentation and maintaining the interest of the operating room staff, surgery should not be dependent on observing a two-dimensional video monitor. This approach ignores one of the fundamental assets of the surgical microscope, depth perception.
The subepithelial infusion technique
In addition to the magnified visual examination, the lesion is palpated with a blunt probe to help assess the texture of the lesion and the depth of deep tissue involvement. Subepithelial infusion of saline and 1/10,000 epinephrine" 30, 31) into the superficial lamina propria (SLP) is done with a specialized needle (Endocraft LLC) and is used for a large majority of glottal lesions. The subepithelial infusion distends the superficial lamina propria, which helps to preserve it. The hydrostatic pressure created by the infusion, as well as the epinephrine, enhance hemostasis during the delicate microdissection.
The hydrostatic-induced tension in Reinke's space also facilitates epithelial incisions, the musculo-membranous region because the aerodynamically-induced shearing and collision forces on the SLP are greatest in this region. These lesions may be as sessile or pedunculated and they may also be vascular, fibrotic or mixoid. They are often accompanied by aberrant varices and ectasias.
There is great variation in the magnitude of in- Many patients will undergo resection of these vascular malformations while the surgeon is excising separate vocal fold pathology, which was the indication for the surgery. Lesions were most frequently noted on the superior surface of the middle musculomembranous vocal fold, which has been termed the striking zone. In the 1990s, these lesions were treated by cold-instrument dissection18) . The 532nm pulsed-KTP laser has become our treatment of choice since we can achieve optimal selective photoangiolysis with minimal collateral heat to the surrounding SLP15)
Unlike our experience with the 585nm PDL, vesselwall rupture is minimized. These superior-surface lesions are generally situated where the lateral extent of mucosal wave excursion would reverse direction. This suggested that these vascular injuries were the result of a deceleration force similar to a whiplash injury. We believe that the inertial force of the mucosal wave of the SLP and the intralumenal blood of the microvasculature are restricted by the elastic recoil of the tissues and the overlying epithelium. This leads to subepithelial vascular trauma, which is easily visible through the normal translucent epithelium. The cushioning effect of the SLP prevents vessel rupture deeper within Reinke's compartment.
The superficial location of these vascular malformations just under the basement facilitates surgical accessibility without significant trauma to the underlying SLP.
If a pulsed angiolytic laser is not available, these vascular lesions can be resected by means of cold instruments and multiple epithelial cordotomies. The approach is analogous to a vein stripping of the superficial venous system from the lower extremity to redistribute the aberrant vascularity. It was advantageous to redistribute the susceptible central vascularmalformations of the vocal folds out of the striking zone where they were much more likely to hemorrhage.
Cold Treatment of Reinke's edema begins with elimination of predisposing risk factors. These individuals should discontinue smoking, have their reflux controlled, and should undergo preoperative vocal therapy before undergoing a procedure. Systemic steroids are not routinely used to treat Reinke's edema and topical beclomethasone has not been shown to be effective. Patients should be advised that if they continue to smoke, the problem will not resolve without surgery, and will likely recur subsequent to surgical resection. Many surgeons will not operate on patients with Reinke's edema if they continue to smoke unless there is concern that cancer may coexist with the polypoid condition.
However, extensive edema may obscure the identification of an early malignancy in the office so that some individuals will undergo earlier microlaryngoscopic intervention if keratosis is noted. Surgery has been the mainstay of treatment for
Reinke's edema. Vocal-fold stripping was designed as a one-handed, unmagnified treatment for Reinke's edema by means of a monocular laryngoscope37' 38) Unfortunately, this procedure is imprecise, and frequently, excessive SLP and epithelium are removed. This can result in a prolonged period of healing, and often, stiff scarred vocal-folds. Although the vocal folds appear normal by means of a mirror or fiberoptic exam, stroboscopy reveals loss of epithelial pliability and lack of vibration. A number of years ago, Hirano39) described a more a b precise technique, which involves incising the epithelium, elevating the mucosa as a flap. Then the gelatinous matrix within the SLP is reduced followed by redraping the flap and trimming the excess mucosa.
A microscissors is used for the initial incision unless there is prominent subepithelial vascular injection, in which case a KTP laser can be advantageous. The gelatinous hypertrophied SLP should then be carefully contoured and reduced to a more normal volume. This can be done by suctioning or by direct removal.
Great care must be taken not to over reduce the SLP, which results in an inordinately stiff vocal sys- of RRP is that it recurs, which usually necessitates multiple procedures in the lifetime of a patient. These factors must be omnipresent in the surgeon's mind since preservation of normal laryngeal tissue will facilitate optimal function for the future after a medical solution will ultimately be conceived.
Because of its excellent angiolytic properties15) , at present, we exclusively employ the 532nm pulsed KTP laser14' 16) along with cold instruments40) in the treatment of glottal papillomatosis. We have abandoned using the CO2 laser and the PDL in the glottis. Remarkably, although we initiate a patient's first treatment for papillomatosis in the operating room, the majority of our surgical interventions are now as an office-based treatment with local anesthesia through a flexible laryngoscope13' 16). 
